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HIGH  EXPLOSIVE  EQUIVALENCY  TESTS 
OF  LARGE  SOLID  PROPELLANT  MOTORS 


ABSTRACT.  From  Jane  1965  to  February  1968,  nln*  iolld  propellant  motor 
hazard  tests  and  ilx  high-explosive  taiti  wart  conducted  at  the  Naval  Weaponi 
Canter,  China  Lake,  to  evaluate  the  explosive  potential  of  large  CJaii  2  and 
Clau  7  solid  propellant  motors.  Tail  parameter!  which  were  varied  during  the 
program  wera  propellant  type,  weight,  and  orientation  and  exploilve  booster 
type  and  location.  The  reiultl  of  these  tests,  combined  with  data  from  seven 
previous  tests  conducted  at  NWC,  Indicate  that,  under  the  stimulus  of  a  rela¬ 
tively  small  (50  to  100  lb)  explosive  booster,  the  Class  7  motors  tested  are  ca¬ 
pable  of  producing  blest  yields  averaging  130%  of  TNT,  and  the  Clast  2  motors 
produced  yields  as  large  at  40%.  When  a  Clast  7  motor  with  an  explosive 
booster  was  pieced  In  intimate  contact  with  a  Clast  2  motor,  yields,  based  on 
the  total  propellant  weight,  ranged  from  105  to  123%.  The  estimated  yields 
for  the  Clast  2  motors  alone  ranged  from  87to  119%.  In  tests  In  which  a  Class 
7  motor  with  an  explosive  booster  was  placed  near,  but  not  In  Intimate  con¬ 
tact  with,  a  Class  2  motor,  the  estimated  yields  for  the  Class  2  motors  alone 
ranged  from  30  to  50%,  considerably  lower  than  the  yields  obtained  in  the 
Intimate-contact  tests.  The  separation  distances  used  ranged  from  3  to  18 
inches. 
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I  Thl«  report  presents  data  obtained  from  nine  motor-bawd  taiti  of  Clut  7  and  Clan 

2  lolid  propellant  motor*  and  six  high-explosive  taiti,  conducted  at  part  of  a  continuing 
serial  of  hatard  Investigations  being  performed  at  NWC  for  tha  Armed  Services  Explo¬ 
sives  Safety  Board.  Funding  was  provided  by  the  Army,  Navy,  AirForca,  Defense  Atom¬ 
ic  Support  Agency,  and  the  National  Aeronautics  and  Space  Administration. 

Results  of  tha  tests,  which  ware  conductad  during  tha  period  June  1965  through  Feb¬ 
ruary  1968,  have  been  combined  with  the  data  obtained  in  Sevan  earlier  tests  (NOTS 
TP  3910)  to  determine  the  TNT  explosive  equivalency  of  large  solid  propellant  motors. 

This  report  was  prepared  for  the  Naval  Weapons  Canter  by  the  URS  Systems  Corp. , 
Burlingame,  California,  under  a  contract  that  callad  for  tha  reduction  and  analysis 
of  data  furnished  by  NWC  and  thr.  documentation  of  the  results.  Only  minor  editorial 
and  format  changes  have  bean  made  to  comply  with  tha  publishing  policies  of  tha  Canter. 
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INTRODUCTION 


This  report  presents  the  data  from  nine  propellant  and  six  TNT  high  explo¬ 
sive  tests  conducted  to  evaluate  the  explosive  potential  of  large  Class  2  and 
Class  7  solid -propellant  Minuteman  and  Polaris  missile  motors.  The  tests  are 
part  of  a  continuing  series  of  solid -propellant  motor  hazard  tests  being  conducted 
at  the  Naval  Weapons  Center,  under  the  auspices  of  the  Armed  Services  Explo¬ 
sive  Safety  Board  (ASESB). 

Seven  previous  tests,  conduoted  In  late  1864  and  early  1965,  are  desorlbad 
in  Ref.  1.  The  results  of  those  tests  indicated  that  under  the  stimulus  of  a 
strong  explosive  booster,  the  Class  7  propellant  motors  tested  were  capable  of 
producing  blast  yields  exceeding  that  of  TNT,  with  the  Class  2  propellant  motors 
also  being  capable  of  producing  significant  blast  yields.  In  the  majority  of  these 
early  tests,  the  explosive  boosters  were  placed  in  the  grain  perforation  in  the 
propellant,  which  tended  to  maximize  the  opportunity  for  a  high -order  detonation. 


MOTOR  TESTS 


Motor  tests  8  through  16,  described  in  this  report,  were  of  the  same  general 
type  as  the  seven  earlier  tests,  except  that  emphasis  was  placed  on  more  cred¬ 
ible  donor-acceptor  geometries,  in  which  the  explosive  boosters  were  placed 
external  to  the  motors.  Test  configurations  and  parameters,  plus  estimated 
yield  are  listed  in  Table  1  under  test  results,  page  12. 

For  tests  8*,  9,  and  12,  the  solid  propellant  motors  were  placed  horizon¬ 
tally,  and  the  explosive  boosters  were  placed  directly  in  the  grain  perforation 
of  the  propellant.  Photographs  of  these  test  configurations  are  shown  in  Fig.  1. 
In  test  No.  8,  two  second-stage  Polaris  motors,  each  containing  7,  2b0  lb  of 
Class  2  propellant,  were  positioned  side  by  side  in  contact  with  each  other,  and 


*Teiti  1  through  7  were  conducted  In  an  earlier  series  deicrlbed  In  Ref.  1|  ■  summary  of  the  reiulti 
of  the  earlier  teiti,  uilng  the  same  criteria  ai  were  used  In  Table  1,  Is  preiented  In  Table  2,  page  19. 


1 


a  48-lb  charge  of  Aerex*  waa  placed  in  the  grain  of  the  propellant  of  eaoh  motor. 

A  single  third -stage  Minuteman  motor  with  8,688  lb  of  Class  7  propellant  and  a 
4 8 -lb  C-4  booster  was  used  in  test  No.  9,  and  test  No.  18  consisted  of  an  un- 
prlmed  second -stage  Polaris  motor  with  7, 860  lb  of  Class  8  propellant  ae  an 
aooeptor,  in  oontaot  with  a  third -stage  Minuteman  motor,  containing  8,668  lb  of 
Class  7  propellant,  used  as  the  donor.  The  Claes  7  motor  was  primed  with  a 
48-lb  C-4  booster  placed  in  the  grain  perforation. 

In  tests  10,  11,  13,  and  18,  solid  propellant  motors  were  plaoed  (or  staoked) 
vertically,  and  the  explosive  booster  was  placed  external  to  the  motors  and  on 
top  of  the  uppermost  stage,  as  shown  in  Fig.  2.  A  single  third-stage  Minuteman 
motor  containing  3,665  lb  of  Class  7  propellant  was  used  in  teBt  No.  10,  and  two 
third-stage  Minuteman  motors,  each  with  3,665  lb  of  Class  7  propellant  were 
stacked  vertically  for  test  No.  11.  A  single  60-lb  C-4  explosive  booster  wae 
used  in  eaoh  of  the  two  tests. 

In  tests  13  and  16,  a  second-stage  Polaris  motor  with  8,870  lb  of  Class  7 
propellant  was  placed  on  top  of  a  first-stage  Polaris  motor  with  16,200  lb  of 
Class  2  propellant.  In  test  No.  13,  the  normal  interstage  hardware,  whloh  pro¬ 
vides  a  olearanoe  of  14  In.  bstween  the  closest  points  on  the  bulkheads  between 
the  two  motors,  was  used;  in  test  No.  18,  a  shortened  Interstage  was  used  to 
separate  these  parts  by  only  3  In.  A  96 -lb  C-4  booster  was  used  for  eaoh  of  the 
tests. 

A  three -stage,  Wing  1  Minuteman  missile  (Fig.  3)  was  used  in  eaoh  of  tests 
14  and  16.  The  first-stage  oontalned  46,040  lb  of  Class  2  propellant,  the  sooond- 
atage  contained  10,260  lb  of  Class  2  propellant,  and  the  third-stage  oontalned 
3,666  lb  of  CIrbb  7  propellant.  Normal  Interstage  hardware,  whloh  provides 
clearances  of  32  in.  between  the  olosest  points  on  the  bulkhead  between  the  first 
and  second  stages  and  18  in.  between  the  second  and  third  stages,  was  used  in 
test  No.  14;  and  in  test  No.  16,  a  shortened  interstage  was  used  to  separate 
these  parts  by  8  and  S  in. ,  respectively.  A  48-lb  C-4  booster  was  used  for  eaoh 
test. 
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HIGH  EXPLOSIVE  TESTS 


During  this  *  rogram,  six  TNT  high  explosive  testa  (Inhaled  1C  through  8C 
to  diatingulan  them  from  thj  lirat  series  of  motor  testa)  were  conducted  to  oheok 
out  thu  blast  {iiatr  .mentation  systems  und  test  procedures  and  to  obtain  Informa¬ 
tion  on  the  effects  of  charge  geometry  on  air  blast  measurements,  Photographs 
of  tho  explosive  test  vonligurntions  arc  presented  in  Pig,  4, 
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For  tests  1C  through  5C,  reclaimed  TNT  was  cast  in  cut -down  ammunition 
boxes  with  each  box  containing  50  lb  of  explosive.  In  tests  1C,  2C,  3C,  and  4C , 
the  boxes  were  stacked  to  approximate  cubes,  with  explosive  weights  of  5,000  lb 
for  test  1C;  20, 000  lb  for  test  2C;  and  10,000  lb  for  teBts  3C  and  4C.  For  teat 
5C,  20,000  lb  of  TNT  was  stacked  in  a  configuration  approximately  4  ft  square 
and  25  ft  high,  Test  6C  consisted  of  10, 000  lb  of  TNT  in  bare  S— lb  blocks  stacked 
in  a  hemispherical  configuration. 


TEST  LAYOUT  AND  INSTRUMENTATION 


The  general  test  layout  and  pressure  gage  station  locations  are  shown  graph¬ 
ically  in  Fig.  5.  Not  all  gage  stations  shown  were  used  for  every  teBt;  however, 
at  least  one  gage  was  located  at  each  of  seven  or  more  different  ground  ranges 
on  both  legs  for  every  test.  Four  different  types  of  blast  gages  were  used  to 
measure  the  overpressure -time  pulses:  Ballistic  Research  Laboratory  (BRL) 
mechanical  PHS  gages,  BRL  mechanical  PNS  gages,  Kistler  piezoelectric  gages, 
and  Schaevitz-Bytrex  piezoresistance  gages.  Because  of  the  difference  in  re¬ 
sponse  time,  the  Kistler  and  Schaevitz-Bytrex  gages  were  used  relatively  close 
in,  PNS  gages  were  located  at  mid-range,  and  PHS  gages  were  used  in  the  more 
distant  locations. 


SUMMARY  OF  HIGH  EXPLOSIVE  TEST  RESULTS 


The  individual  measured  peak  overpressure  and  positive-phase-impulse 
values  obtained  from  the  six  high  explosive  tests  are  presented  in  Tables  3 
through  17  in  the  appendix  of  this  report,  which  also  contains  posttest  photos 
showing  the  craters  resulting  from  the  explosions  and  sketches  of  the  crater 
profiles.  The  data  are  summarized  in  Fig.  6,  in  which  peak  overpressure  is 
plotted  as  a  function  of  scaled  distance  using  reference  curves  from  Ref.  2; 
and  in  Fig.  7,  in  which  positive-phase-impulse  values  are  also  plotted  as  a 
function  of  scaled  distance,  using  reference  curves  from  Ref.  3.  It  will  be 
noted  that,  with  the  exception  of  the  hemispherical  charge  data,  the  close-in 
test  data  tend  to  deviate  considerably  from  the  reference  curves  but,  at  around 
10  psi  and  below,  the  agreement  is  quite  good.  This  departure  from  the  ref¬ 
erence  curve  close  to  the  charge  is  probably  not  too  surprising  considering  the 
nonsymmetricul  square  and  rectangular  cross-sectional  charge  geometries  used 
and  the  fact  that  the  TNT  was  cased  in  wmoden  boxes. 
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FIG.  S.  Ov*rpr*nur*  Gag*  Layout  tor  Motor  Haiard  T«iti. 


FIG.  7.  Summary  of  Poiitiva-Phaia-Impulu  Data  From  High  Explotlva  Taitl 
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MOTOR  HAZARD  TEST  RESULTS 


BLAST  DATA 

A  summary  of  the  nine  motor  hazard  tests  conducted  during  this  series  is 
presented  in  Table  1.  The  explosive  yields,  which  are  expressed  relative  to  TNT, 
were  computed  by  first  finding  the  weight  of  TNT  that,  if  put  in  the  some  position, 
would  produce  the  same  value  of  the  shock  wave  parameter  (peak  overpressure 
or  positive -phase  Impulse)  at  the  same  distance  as  for  the  propellant  explosion.* 
This  TNT  weight  was  then  divided  by  the  total  propellant  weight*"1  and  multiplied 
by  100  to  convert  to  percent.  In  many  cases,  however,  the  explosive  behavior 
of  the  propellant  mixtures  was  a  function  of  distance  and  could  not  be  represented 
easily  by  a  single  value  applicable  to  all  distances. 

This  behavior  appeared  to  take  two  general  forms.  For  the  higher  yield 
tests  (>  100%),  both  the  peak  overpressure  and  positive -phase  impulse  yields 
tended  to  decrease  with  increasing  distance,  with  the  yields  tending  toward  a 
constant  value  (terminal  yield)  at  long  distances.  In  the  lower  yield  tests  (<  100%) , 
the  positive -phase  impulse  yields  indicated  a  similar  trend;  however,  the  peak 
overpressure  yields  tended  to  increase  with  increasing  distance.  An  exception 
to  this  was  in  the  tests  in  which  the  explosive  was  centered  several  charge  diam¬ 
eters  off  the  ground  surface.  In  these  tests,  the  peak  overpressure  yields  de¬ 
creased  and  the  positive -phase  impulse  yields  increased  with  increasing  distance. 
Because  of  this  yield  variation  with  distance  and,  occasionally,  the  variation  in 
the  shock  wave  parameter  used  in  the  computation,  the  following  method  of  data 
presentation  has  been  adopted.  For  those  tests  in  which  the  yields  computed 
from  the  peak  overpressure  and  positive -phase  impulse  values  tended  to  seek  a 
constant  or  terminal  value,  this  number  is  used.  For  those  motor  tests  in  which 
the  peak  overpressure  and  positive -phase  impulse  yield  values  did  not  reach  a 
constant  value  within  the  range  of  measuring  stations  used,  no  terminal  yield 
could  be  determined,  and  the  value  quoted  was  estimated  from  the  higher  of  the 
two  yields,  either  peak  overpressure  or  impulse. 

From  the  Individual  peak  overpressure  and  positive -phase  impulse  values 
for  each  test  presented  in  the  appendix,  it  will  be  noted  that  there  was  consid¬ 
erable  scatter  in  the  data,  which  affects  the  reliability  of  the  explosive  yield 
values  discussed  above.  Consequently,  the  standard  deviations  of  the  mean 
yield  values  were  computed  for  each  test  as  shown  in  Table  1. 


The  reference  date  used  for  this  computation 
and  Ref.  3  for  positive -phase  impulse. 

+* 

The  booster  weights,  which  range  from  48  to 


were  obtained  from  Ref.  2  for  peek  overpressure 


96  lb,  were  not  included  in  this  computation. 
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TABLE  1 .  Summary  of  Terts 


Test  No. 

Kffl 

Booster 

Estimated** 
yield  <M) 

•  (IB -3  JOS) 

0® 

2 

14, S00 

2  -  48  lb 
Aerax 

1.4  Si  0,2  (1) 

9  (ES-5276) 

© 

7 

3, 60S 

1  -  48  lb 

O'4 

125  ±  8  (T) 

10  (ES— 5277) 

I 

7 

1 

7 

3,003 

1  -  50  lb 

C-4 

120  ±  IS  (1) 

11 (ES-S278) 

7 

7 

7 

7,330 

m 

124  ±  12  (I) 

12 (ES-6068) 

0© 

2 

7 

7,250 

3, 60S 

1  -  48  lb 

C-4 

105  ±  3  (T) 

IS (ES-7040) 

7 

2 

A 

7 

2 

8,870 

15,200 

1  -  90  lb 

C-4 

73  *  0  (T) 

14  (ES-712S) 

r? 

_2_ 

2 

A 

7 

2 

2 

1 

1  -  48  lb 

C-4 

IS  ±0.6  (P) 

13  (ES-7182) 

7 

2 

JL 

B 

7 

2 

2 

3,663 

10,250 

45,040 

1  -  48  lb 

C-4 

16.5  ±  1.3  (P) 

10  (ES-7217) 

_7_ 

2 

B 

7 

2 

8,870 

15,200 

1  -  90  lb 

C-4 

82  ±  3  (T) 

■"A  -  normal  interstage  spacing,  •  -  location  of  booster,  B  -  shortened  lntaritaga  spacing 
**Basis  for  yiald  astimata  -  I-impulsa  data,  P-prasiura  data,  T-both  prassurs  and  impulse  data  (it* 
taxt).  Uncertainty  it  expressed  in  tsrmi  of  the  standard  deviation  of  the  mean  value  of  the  gage  readings. 
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In  these  tests,  the  solid  propellant  motors  were  plaoed  with  their  axes  hori¬ 
zontal,  and  the  explosive  boosters  were  plaoed  directly  in  the  grain  perforation 
of  the  propellant  as  shown  In  Fig.  1. 

Test  8  consisted  of  two  Immediately  adjacent  second-stage  Polaris  motor#, 
eaoh  containing  7, 260  lb  of  Class  2  propellant  and  having  steel  cases.  A  48-lb 
Aerex  booster  was  placed  in  each  motor.  In  this  test,  a  great  deal  of  burning 
and  unignited  fragments  of  propellant  and  casing  material  was  scattered  over 
the  area,  with  large  pieces  of  the  metal  casing  being  left  in  and  near  the  crater. 
Although  the  crater  (Fig.  8)  was  indicated  to  be  approximately  10  ft  in  diameter 
and  about  1  ft  deep,  no  profile  was  given.  The  volume  was  estimated  as  100  ou 
ft  by  assuming  the  crater  profile  to  be  as  shown.  The  estimated  terminal  yield, 
based  on  a  total  propellant  weight  of  14,500  lb,  was  1.4  percent. 

Test  9  was  a  single  third-stage  Minuteman  motor  containing  3,665  lb  of 
Class  7  propellant  in  a  fiberglass  casing,  and  with  a  48-lb  C-4  booster  charge 
plaoed  in  the  grain  of  the  propellant.  No  burning  fragments  were  visible  in  the 
films  of  the  test,  and  no  casing  fragments  were  found.  The  crater  shown  in 
Fig.  8  was  about  28  ft  in  diameter,  had  a  maximum  depth  of  3  ft  below  the  initial 
ground  surface,  and  had  an  estimated  volume  of  about  800  cu  ft.  The  estimated 
terminal  yield  for  this  test  was  125  percent. 


FIG.  8.  Crater  Profiles  for  Motor  Tests  Conducted  With  Axes  Horizontal. 
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Test  12  consisted  of  a  motor  ldentloal  to  that  used  in  test  9  placed  adjacent 
to,  and  in  contact  with,  a  steel-cased  second-stage  Polaris  motor  containing 
7,260  lb  of  Class  2  propellant.  As  In  test  9,  no  burning  fragments  of  propellant 
were  observed,  and  no  oaslng  fragments  were  found,  even  though  a  search  ex¬ 
tended  to  6,000  ft  from  ground  zero.  The  orator  was  the  largest  produced  in 
this  entire  series  of  motor  tests,  and  its  maximum  diameter  was  about  70  ft. 

The  estimated  volume  was  2,600  ou  ft;  the  estimated  terminal  yield,  based  on 
the  total  propellant  weight  of  10,915  lb,  was  106  peroent. 

Tests  10.  11.  13.  and  16 

In  these  tests  the  solid  propellant  motors  were  placed  vertically,  and  the 
explosive  boosters  were  placed  external  to  the  motors  and  on  the  uppermost 
stage. 

Test  10  used  a  single  third -stage  Minuteman  motor  containing  3,665  lb  of 
Class  7  propellant  with  a  50-lb  C-4  booster  placed  on  top  of  the  motor.  With 
the  exception  of  this  external  booster  and  the  vertloal  orientation  of  the  motor 
axis,  this  test  was  similar  to  teat  9,  No  burning  fragments  of  propellant  were 
observed,  and  no  oaslng  fragments  were  found.  The  crater  (Fig.  9)  was  about 
28  ft  in  diameter,  the  maximum  depth  was  approximately  3  ft,  and  the  volume 
was  on  the  order  of  700  ou  ft.  The  estimated  Impulse  yield  was  approximately 
120  percent,  or  almost  the  same  yield  as  obtained  in  test  9.  The  crater  volumes 
were  also  comparable. 

In  test  11,  two  Class  7  motors  were  stackod  vertically,  with  the  upper  one 
acting  as  the  donor  and  the  lower  one  as  the  acceptor;  1.  e. ,  only  the  upper  motor 
was  primed  with  a  C-4  booster  (see  Table  1).  Again,  no  fragments  were  observed. 
The  approximate  crater  dimensions  were  28  ft  diameter  and  4  ft  depth  (Fig.  9). 

The  estimated  volume  was  800  cu  ft;  the  estimated  impulse  yield,  based  on  a 
total  propellant  weight  of  7,330  lb,  was  approximately  124  percent,  or  essentially 
the  same  as  for  test  10.  Though  the  effective  TNT  weight  (and  the  actual  pro¬ 
pellant  weight)  was  twice  that  of  test  10,  the  crater  volume  was  only  slightly 
larger.  This  is  not  too  surprising  since  the  effective  scaled  height  of  the  ex¬ 
plosion  burst  was  at  least  twice  as  large  ae  for  tent  10. 

In  test  13,  a  second-stage  Polaris  motor  containing  8,870  lb  of  Class  7  pro¬ 
pellant  was  placed  on  top  of  a  first-stage  Polaris  motor  with  15,200  lb  of  Class 
2  propellant,  using  normal  Interstage  hardware  with  nozzles  which  provided  a 
clearance  of  14  in,  between  the  closest  points  on  the  bulkheads.  In  this  test, 
burning  propellant  was  scattered  over  a  wide  area  and  pieces  of  unburned  propel¬ 
lant  were  found  out  to  1, 800  f*  Motor  parts  were  found  at  distances  out  to 
2,500  ft.  No  significant  crater  was  formed  (Fig.  9),  and  the  estimated  terminal 
yield,  based  on  a  total  propellant  weight  of  24,070,  was  73  peroent. 
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Teat  condition*  foi  teat  18  were  similar  to  thoie  of  teet  13;  that  le,  a  68 -lb 
C-4  explosive  booster  was  used;  and  an  8,8T0-lb  Clasa  ?  eeoond-etaga  motor 
was  piaoed  on  top  of  the  18,  aoo*lb,  Class  B  flrst-stafe  motor.  However,  a 
Shortened  interstage,  which  provided  only  3  in.  of  eeparation  between  the 
propellants,  was  used,  Burning  fragments  were  thrown  out  to  about  8,000  ft 
and,  again,  there  was  no  significant  orator.  The  estimated  terminal  yield  was 
approximately  18  paroent. 


Tests  14  and  IB 

A  three-etage  Wing  1  Minuteman  mlaalle  wee  ueed  in  each  of  theee  teats, 
with  a  48 -lb  C-4  booster  piaoed  on  top  of  the  third  stage.  The  fir  lit  stage  of 
this  mlaalle  contains  45, 040  lb  of  Claaa  2  propellant,  tho  second  stage  10,  250  lb 
of  Class  8  propellant,  and  the  third  stage  3,888  lb  of  Class  7  propellent,  in  test 
14,  the  normel  lnteretage  hardware,  whloh  provides  olearanoe  of  32  in.  between 
the  eloaest  point  on  the  bulkhead  batween  the  first  and  second  stages  and  18  in. 
between  the  oeoond  and  third  atagea,  was  ueed.  The  third  atage  (donor)  and 
part  d  tho  aeoond  stage  (acceptor)  were  oonsumed  in  the  explosion.  Tho  first 
stage  fell  over  and  burned  for  approximately  4  minutes.  Thera  was  no  orator. 
Tha  estimated  terminal  yield,  baaed  on  the  total  weight  of  6B,BB6  lb  of  propel¬ 
lant,  was  13  peroent.  However,  If  only  the  weight  of  the  aeoond  and  third  etages 
(13,918  lb)  li  considered,  elnoo  tho  first  stags  apparently  merely  burned,  the 
estimated  pressure  yield  is  83  peroent. 

in  test  16,  shortened  interstage  hardware  was  uaed,  whloh  reduced  the 
clearance  between  the  firat  and  second  stages  to  8  in.  and  the  olearanoe  between 
the  aeoond  and  third  stages  to  6  in,  All  other  teet  conditions  remained  the  earns 
as  for  teet  14,  Propellant  fragments  were  thrown  about  800  ft,  and  aluminum 
fragments  were  thrown  to  about  BOO  ft,  The  first  stage  fell  over  and  burned, 
and  there  was  no  apparent  orater.  The  estimated  pressure  yield,  based  on  the 
total  propellant  weight  of  68,986  lb,  was  18,8  peroent,  not  aignlfloantly  different 
from  that  of  the  same  weight  of  propellant  for  teat  14, 


FRAGMENT  STUDIES 

Only  thoee  teate  Involving  motors  with  metal  oailnge  resulted  in  significant 
fragment  debrii.  After  test  13,  a  detailed  eearoh  for  fragments  was  mode  in 
800 -ft*  areas  laid  out  along  the  two  gage  lines  in  30-ft  radial  increments,  A 
plot  of  frequency  of  fragments  per  100  ft1  versus  ground  range  is  shown  in  Fig. 
10,  in  which  one  ourve  is  plotted  for  each  gage  leg  and  a  third  la  plotted  to  show 
the  combined  data  for  both  legs.  Figure  11  shows  a  corresponding  summary 
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based  on  total  weight  of  fragments  per  1 00  —ft2  area.  A  comparison  of  the  two 
sets  of  data  indicates  that  the  larger -size  fragments  were  found  at  the  greater 
ground  dlstanues,  A  search  of  the  entire  area  revealed  that  the  maximum  ground 
range  tor  any  fragment  from  this  test  was  2. 510  ft. 

For  the  remainder  of  the  tests,  less  detailed  Information  was  available. 
Figure  12  shows  photographs  of  individual  fragments  found  after  test  8,  but  a 
detailed  map  was  not  available.  Eighteen  large  pieoes  of  debris  were  found 
after  test  14  at  ground  ranges  out  to  about  800  ft.  Inoluded  were  pieces  of  the 
second  stage.  Fourteen  large  fragments  were  found  after  test  15,  at  a  maximum 
ground  range  of  about  800  ft.  Included  in  fragmonts  from  this  test  was  a  part 
of  the  bottom  of  the  third  stage. 


P  «.  12.  Photographs  ot  Soma  Individual  Fr»gm«nti  Found  Aftar  Tait  8. 
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Clail.  7  .ZlflBfiUMLlMtft 

During  the  two  teat  series,  the  following  four  teats  were  conducted  in  which 
Class  7  propellants  were  teated  alone: 


Teit 

No. 

Prop*  Hast 
weight  (lb) 

Booiter  i 

Tarmlnal 
yield  (*) 

Location 

Weight  (lb) 

2 

7,  ISO 

Internal 

96 

140 

9 

3,  665 

Internal 

48 

125 

10 

3,665 

External 

50 

120 

11 

7, 330 

External 

SO 

124 

It  will  be  noted,  that  the  yields  from  the  three  tests  In  which  the  booster 
weighed  approximately  50  lb  were  about  the  same,  and  that  the  yield  from  the 
teat  with  the  96-lb  booster  was  slightly,  but  probably  not  significantly,  larger. 


Class  2  Propellant  Tests 

The  following  three  tests  were  conducted  with  Class  2  propellants  tested 
alone: 


Teit 

No. 

Propellent 
weight  (lb) 

!  Bootter  | 

Terminal 
yield  (%) 

Location 

Weight  (lb) 

1 

7,250 

Internal 

96  ' 

25 

6 

14,500 

Internal 

96* 

40 

8 

14,500 

Internal 

48* 

1.4 

la  •tch  of  two  motori 


A  single  motor  waB  used  in  test  1,  and  two  motors  were  placed  Bide  by  side 
for  tests  6  and  8.  In  tests  1  and  6,  each  motor  contained  a  96 -lb  C-4  booster, 
and  in  test  8  each  motor  contained  a  48 -lb  Aerex  booster. 
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It  will  bo  noted  that  In  tost  S,  with  the  relatively  low  detonation  velooity  ex¬ 
plosive,  the  yield  was  quite  low.  The  test  with  one  motor  and  a  larger  96-lb 
booster  gave  a  26  peroent  yield,  and  the  test  with  two  motors  and  the  two  larger 
size  boosters  gave  a  yield  of  40  peroent. 


Combined  Propellant  Tests 

In  tests  3,  4,  5,  7,  12,  13,  14,  16,  and  16,  a  Class  7  motor  with  booster 
was  used  as  a  donor  for  a  Class  2  motor.  Using  the  terminal  yields  from  these 
nine  tests,  an  estimate  has  been  made  of  the  explosive  yield  of  the  ClaBS  2 
motors  by  deducting  the  estimated  yields  of  the  Class  7  donors  from  the  total 
measured  yields,  as  illustrated  below.  (The  estimated  Class  7  yield  used  was 
127  percent,  or  the  average  of  the  yields  from  tests  2,  9,  10,  and  11. ) 


Test 

No. 

Class  2 
propellant 
weight  (lb) 

Class  7 
propellant 
weight  (lb) 

Booster 
weight  (lb) 

Terminal 
yield  (K) 

Estimated  yield 
Claes  2 

propellant  (K)* 

3 

7, 250 

7,360 

96 

123 

119 

4 

7, 250 

7,360 

96 

110 

93 

S 

7,  250 

7,360 

96 

114 

101 

7 

7, 250 

7,360 

100 

107 

87 

12 

7,250 

3,665 

48 

105 

94 

13 

IS, 200 

8,870 

96 

73 

41 

14 

10, 250  G  45,040 

3,665 

48 

13 

30** 

15 

10,250  G  45,040 

3,665 

48 

16.5 

SO** 

16 

15,200 

8,870 

96 

82 

56 

*  (Total  propellant  weight)  (Terminal  yield!  -  (1.27)  (Clan  7  weight) 

e  ***  =  Clast  Z  propellant  weight 


Only  the  second  and  third  stage  propellant  weight  was  used  in  this  computation 
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It  will  be  noted  that  the  estimated  yields  for  the  Class  2  propellant  in  tests 
3,  4,  6t  7 1  and  12,  in  which  there  was  intimate  oontaot  between  the  motors, 
are  remarkably  similar,  ranging  from  87  to  119  peroent.  Either  the  two  motors 
were  laid  side  by  side  in  oontaot  or,  when  staoked  one  on  top  of  the  other,  their 
domes  were  in  oontaot.  In  tests  13  through  16,  however,  the  motors  were  not 
in  intimate  oontaot,  and  the  aoeeptor  yields  (Class  2  propellant)  were  consid¬ 
erably  lower.  In  test  13,  normal  Interstage  hardware  was  used,  whloh  sepa¬ 
rated  the  propellants  by  14  in.  The  aooeptor  yield  of  this  test  was  41  peroent. 

Ih fist 49,  the  same  type  motors  were  used  with  shortened  Interstage  hardware, 
whloh  separated  the  propellants  by  3  in. ,  and  the  yield  was  66  percent.  Similarly, 
in  test  14,  where  a  separation  distance  of  18  in.  waB  used  between  the  second 
and  third  stages,  the  acceptor  yield  was  30  percent,  and  in  test  15,  with  the 
same  type  of  second  and  third  stage  motors  and  a  separation  distance  of  9  in. , 
the  yield  was  50  percent. 


SUMMARY 

The  results  obtained  to  date  indicate  that,  under  the  stimulus  of  a  relatively 
small  (60  to  100  lb)  explosive  booster,  the  Class  7  motors  tested  are  capable  of 
producing  blast  yields  averaging  130  peroent  of  TNT. 

Under  similar  test  conditions,  the  Class  2  motors  tested  produced  yields 
as  large  as  40  percent. 

When  a  Class  7  motor  with  an  explosive  booster  is  placed  in  intimate  con¬ 
tact  with  a  Class  2  motor,  yields,  based  on  the  total  propellant  weight,  ranged 
from  105  to  123  percent.  The  estimated  yields  for  the  Class  2  motors  alone  in 
these  tests  ranged  from  87  to  119  percent. 

One  interesting  trend  is  the  reduction  in  yield  when  the  Class  7  and  Class  2 
motors  are  not  in  Intimate  contact,  but  are  separated  by  very  small  distances. 
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Appendix 

PEAK  OVERPRESSURE  AND  POSITIVE- 
PHASE -IMPULSE  DATA 


Peak  overpressure  and  positive-phase-impulse  data  for  the  six 
high-explosive  and  nine  motor  hazard  testB  conducted  during  this 
series  are  presented  in  Tables  3  through  17.  Figures  13  and  14  show 
crater  profiles  from  the  high-explosive  tests,  Fig.  15  includes  photo¬ 
graphs  taken  after  the  high-explosive  tests,  and  Fig.  16-18  are  post¬ 
test  photographs  of  the  motor  hazard  tests. 
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TABLE  10.  P»ak  Ovtrproiur*  tad  Poiitlv«-Phai« -Impul««  Data  From 
Motor  Haiard  Tart  9 


0R0UND 

RANGE 

(ft) 

PE/ 

OVERPRJ 

East  ^Pf 

LK 

S8SURES 

il)  North 

IMPl 

(psi- 

East 

ILSE 

msec) 

North 

80 

120 

700 

110 

77.2 

31.2 

400 

290 

83.6 

366 

1B0 

12.  ;• 

236 

211 

16.3 

16.7 

208 

104 

210 

3.86 

6.26 

03.6 

02.0 

6.03 

6.37 

88.6 

125 

340 

4.70 

2.60 

76.9 

67.0 

2.73 

4.17/2.88 

49.9 

100/58.5 

620 

0.00 

1.37 

20.5 

36.0 

1.78 

1.49 

53.8 

37.1 

880 

0.71 

1.04 

21.6 

29.8 

0.60 

1.09 

33.9 

32.4 

1400 

0.46 

0.43 

22.0 

10.5 

0.69 

0.66 

22.1 

23.5 

0.16 

0.27 

9.13 

10.2 
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TABLE  12.  Peak  Overprmure  and  Potitlve-Phaie-ImpulH  Data  From 
Motor  Katard  Ten  11 


GROUND 

RANGE 


PEAK 

OVERPRESSURES 


IMPULSE 


vpsi m  msec; 

East  ^  North  East  I  No 


North 

746 


47.5 

59.8 

370 

671 

24.3 

25.6 

413 

464 

26.8 

24.5 

481 

397 

10.6 

11.7 

165 

150 

9.55 

13.0 

145 

207 

5.19 

4.17 

125 

98.5 

3.64 

3.83/5.34 

89.6 

87.7/146 

2.29 

1 .71 

108 

49.9 

1.77 

1.B5 

47.5 

53.6 

1.09 

1.08 

60.4 

37.1 

1.11 

1.20 

33.3 

41.3 

0.61 

0.53 

28.1 

24.9 

0.82 

0.70 

31.1 

30.3 

0.26 

0.37 

9.29 

17.6 

0.21 

0.29 

11.6 

13.2 
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TNT,  ud  tha  Clau  I  mown  produead  ylaldt  at  largo  at  40* ,  Whan  a 
Clan  P  motor  with  aa  axploalva  booatar  wet  pleiad  in  latlmate  aooiaat 
with  a  Clan  I  motor,  ylaldt,  band  oa  tha  total  pupallut  weight,  rugad 
from  101  to  1IIN,  1  ha  animated  ylaldt  for  tha  Clau  I  mot  art  alaaa 
rugad  Mm  IP  to  llftt,  In  tom  lx  whtah  a  Clan  P  motor  with  u  ax. 
ploaiva  booatar  wit  plated  aair,  bat  not  to  litlmate  outlet  with,  a  Clara 
I  motor,  tha  ettlmated  ylaldt  lOr  tha  Clan  I  motan  alua  ranged  Mm  *0 
to  »0tt,  aualdanbly  lower  than  tho  ylaldt  obtalaad  la  tha  Intimate -om> 
taat  tain,  Tha  aaparotlu  dlriuoat  tuad  raagad  Mm  I  to  IB  laahet. 
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